Abstract -Toxigenic cyanobacteria are photosynthetic prokaryotes that are most often recognized in marine and freshwater systems, such as lakes, ponds, rivers, and estuaries. When environmental conditions (such as light, nutrients, water column stability, etc.) are suitable for their growth, cyanobacteria may proliferate and form toxic blooms in the upper, sunlit layers. The biology and ecology of cyanobacteria have been extensively studied throughout the world during the last two decades, but we still know little about the factors and processes involved in regulating toxin production for many cyanobacterial species. In this minireview, we discuss these microorganisms, and more especially the toxins they produce, as a potential and important health risk for wild and domestic animals.
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INTRODUCTION
The quality of surface water is currently arousing considerable interest, due to the importance of this resource for human life and activities. However, progressive deterioration of many surface water ecosystems has been reported for many years, both in Europe and beyond. One important form of pollution is nutrient pollution, especially with phosphorus but also with nitrogen, that leads to the eutrophication of these systems, i.e. an accelerated growth of algae (including cyanobacteria) and higher forms of plant life capable of upsetting the balance of organisms present in the water and impairing the quality of the water concerned. These nutrients result principally from insufficiently treated sewage, runoff from fertilized agricultural areas and lawns, manure and more complex effluent from livestock industries [12] . In Europe, Asia and America, more than 40% of lakes are now eutrophic and hence subject to algal proliferations [4] .
Cyanobacterial proliferations, also known as blooms, can have major impacts on ecosystem functioning (disturbances of relationships among organisms, biodiversity, oxygen concentrations…) and on the health of animals and humans living in or using these systems for drinking water and/or recreational purposes. Interest in cyanobacteria has surged in recent years with the rising frequency and widening distribution of incidents related to toxic cyanobacteria [20, 30] . Many cyanobacterial species are able to synthesize a wide range of noxious products or toxins that make it dangerous to consume contaminated water (40 of the almost 2000 species identified have been documented to be toxigenic). The first scientific report of cyanotoxin poisoning in animals, including cattle, dogs, horses, was made by Francis [40] in 1878, but a much earlier indication of animal cyanotoxin poisoning could date from the Pleistocene age (i.e. about 150 000 years BC) [9] . For the last twenty years, many studies have investigated impacts of cyanotoxins on animal behavior and health, especially those of aquatic organisms. Palm Island human disease in Australia [8, 49] or the recent case of 50 fatal human poisonings by microcystins at a hemodialysis center in Brazil [15, 59] highlighted impacts of these toxins on terrestrial species. In 1998, risks to human lead the World Health Organization (WHO) to propose a provisional guideline value of 1.0 mg·L -1 for the level of one of the most common cyanotoxins, the microcystin-LR [124] in drinking water, and to support the publication of a book about water-borne toxic cyanobacteria [18] . Some countries, including France, have now accepted this value (1.0 mg·L -1 ) as a legal standard for their drinking water. However it should be noted that more than 60 different analogues of microcystin have been described so far, and none of the neurotoxins produced by cyanobacteria has yet been taken into account by regulatory agencies [31] .
The health risks for wild and domestic terrestrial vertebrates resulting from the presence of cyanotoxins in water are still ignored almost everywhere, although the number of publications describing livestock morbidity and mortality exposed to cyanotoxins is increasing. The most probable explanation for this lack of concern is the ignorance of this emerging problem of many veterinary and health authorities responsible for surveying domestic and wild terrestrial vertebrates. The goal of this minireview is to present a synthesis of what is known about freshwater cyanobacteria (plus the only known species of interest in the marine field), their toxins and impacts on the health of terrestrial vertebrates.
BIOLOGY AND ECOLOGY
Cyanobacteria (or blue-green algae) are photosynthetic prokaryotes that were originally classified as microalgae, because they contain photosynthetic pigments (chlorophyll a and accessory pigments such as Toxicity of cyanobacteria 363 phycocyanin, allo phycocyanin and phycoerythrin), making them colored, like higher plants. Fossil records suggest that these microorganisms have been present on earth since at least 3.5 billion years [105] , and they are distributed worldwide, from polar to equatorial latitudes (e.g. [121, 128] ). Cyanobacteria colonize both terrestrial and aquatic biotopes where they are found in both marine and freshwater (rivers, lakes, ponds and estuaries) ecosystems [80, 123] .
The morphology of cyanobacteria is very diverse, including spherical, ovoid and cylindrical unicellular species, as well as multi-cellular colonial and filamentous forms ( Fig. 1 ) (e.g. [22] ). Some species are able to differentiate specialized cells: the heterocysts that are able to fix nitrogen in water under N-limited conditions, and the akinetes that allow them to survive when confronted with stressful survival conditions such as periods of high temperature or drought. Species are sometimes difficult to identify mainly because of high phenotypic plasticity. Molecular studies suggest that the taxonomic validity of numerous species and genera could change in the future (e.g. [45, 53, 94] ).
In aquatic ecosystems, cyanobacteria are primary producers that use light energy to synthesize organic matter from mineral nutrients and CO 2 (photosynthesis). When environmental conditions are appropriate for growth and competitive advantage over other species of the phytoplanktonic community, blooms can occur (Fig. 1 ). In such a context, one (or two) species dominates the community (of microalgae and cyanobacteria) and its biomass increases significantly over a relatively short time (within a few days to one or two weeks). Environmental factors that lead to such proliferations have now been well identified, although their importance may be speciesdependent. Blooms of cyanobacteria (and microalgae) usually occur in eutrophic environments (i.e. in water containing high concentrations of mineral nutrients, and more particularly of phosphorus in the case of freshwater) [4] . Stability of the water column is another pre-requisite for bloom enhancement. Hence, most blooms occur in summer after a long period of sustained sunshine, with calm and relatively warm conditions [90] .
Control of these cyanobacteria depends on competition among species for food and available light (which are known as bottomup controls), and predation and parasitism (top-down control mechanisms). Specific physiologic capabilities of cyanobacteria enable them to compete very efficiently with other photosynthetic microorganisms. Most cyanobacterial species regulate their buoyancy (by means of gas-vacuoles) and this allows them to colonize different depths in the water column depending on the localization of nutrients and the availability of light [63, 122] . Possession of accessory pigments, such as phycoerythrin, allows several species to carry out photosynthesis at depths that receive only green light and where, in addition, nutrients are more abundant than on the surface (surface waters are rapidly depleted following spring algal proliferations). Cyanobacterial pigments as well as mycosporin-like amino acids are also involved in their great capacity to resist ultraviolet radiation in surface waters, and this could give them another advantage over some phytoplankton [16] . Some species possess heterocysts, thus giving them a further competitive advantage over other microorganisms that are capable of photosynthesis but do not fix nitrogen. With regard to top-down control, cyanobacteria are usually organized in filaments and/or colonies, and may produce mucilage layers, that make it much more difficult for zooplankton to feed (graze) on cyanobacteria than on single cell structures (e.g. [38] ). These authors have recently shown that the mode of defense adopted by cyanobacteria also depends on grazer pressure; i.e. cyanobacteria are able to modify their defense reaction according to the actual risk of grazing. The synthesis of toxins by many cyanobacterial blooms can also be viewed as giving a selective advantage, since some zooplanktonic predators are susceptible to these toxins and avoid eating cyanobacteria [7, 23] . Finally, the control of cyanobacteria by parasites, typically viruses, is probably very slight ( [114] , Jacquet S., unpublished data).
CYANOBACTERIAL TOXINS AND HEALTH EFFECTS
Cyanotoxins can be characterized by their chemical or toxicological properties.
We have chosen to present them in terms of their toxicological target. In this context, there are hepatotoxins (microcystins, nodularins and cylindrospermopsins), neurotoxins (anatoxins and saxitoxins) and dermatotoxins/irritant toxins (lyngbyatoxin A, aplysiatoxins and lipopolysaccharides).
Hepatotoxins
Three families of toxins mainly target the liver (Fig. 2) : the microcystins, which include more than 60 molecules, the nodularins and the cylindrospermopsins. Top row from left to right: two mouse livers injected with 0.9% NaCl and two non-perfused mice livers as controls. Bottom row: liver of mouse injected with an extract (20 mg lyophilised sample/mL, 0.9% NaCl used as extraction solvant, i.e. 1000 mg lyo/kg of body weight) of a field sample of Planktothrix agardhii (producing microcystins) and with culture extracts (5, 10 and 20 mg lyophilised sample/mL, 0.9% NaCl, i.e. 250, 500 and 1000 mg lyo/kg of body weight) of Cylindrospermopsis raciborskii (producing cylindrospermopsin).
Microcystins and nodularins
Microcystins are the most widely distributed cyanotoxins and the ones most often implicated in human and animal poisonings. They are produced by several genera, including the planktonic Microcystis, Planktothrix, Anabaena species and the benthic Oscillatoria. Nodularins are only produced by the species Nodularia spumigena, which occurs in brackish waters, essentially in the Baltic Sea, Australia and New Zealand [30] . Nevertheless, motuporin, a nodularin analogue, was first isolated from a marine sponge [24] .
These two families of toxins are both cyclic peptides, with the same basic cyclic structure involving an amino-acid called ADDA (3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid) plus six (microcystins) or four (nodularins) other amino acids (Fig. 3A) . Only six nodularins have so far been identified. In contrast, the presence of two variable amino-acids (X and Z), two groups (R1, R2) and two demethylated positions (3 and 7) results in the existence of more than 60 microcystins [20] . Their molecular weights range from 800 to 1100 Daltons (Fig. 3A) .
These hepatotoxins range from extremely toxic compounds such as microcystin-LR (L.D. 50 = 50 mg·kg -1 bodyweight in mice by intraperitoneal (i.p.) injection) and nodularin (L.D. 50 = 30 mg·kg -1 bodyweight in mice by i.p. injection) to non-toxic forms of microcystin [99] . Then, oral toxicity to mice was reported 30 to 100 fold less than toxicity after i.p., depending on the mixture of microcystins [35] .
Clinical signs of microcystin or nodularin intoxication in mammals are diarrhoea, vomiting, piloerection, weakness and pallor [28, 33] . The hepatospecificity of these toxins is due to the requirement for uptake by a bile acid transporter [29, 100, 102] . Microcystins and nodularins have been shown to be inhibitors of serine/threonine protein phosphatase 1 and 2A [52, 77] . This inhibition leads to hyperphosphorylation of proteins associated with the cytoskeleton in hepatocytes [117] . The rapid loss of the sinusoidal architecture and attachment to one another leads to the accumulation of blood in the liver, and death most often results from hemorrhagic shock. Hypoglycemia and hyperkalemia can also be terminal events [5] . Lower doses of microcystins cause progressive changes in liver tissue, including chronic inflammation, focal degeneration of hepatocytes and the accumulation of metabolites such as bilirubin in the blood, and tend to increase mortality [28, 51] .
Microcystins are also tumor-promoting substances when combined with compounds that are able to initiate the cancer process (usually by causing DNA-damage) [32, 55, 85] . There is evidence that the pentapetide toxin nodularin is a more potent tumor promoter than microcystin. This is supported by the lower concentration of nodularin required to inhibit phosphatase enzymes in vitro [88] .
Cylindrospermopsins
To date, cylindrospermopsins are known to be produced only by Cylindrospermopsis raciborskii [50] , Aphanizomenon ovalisporum [2, 108] , Umezakia natans [47] and Raphidiopsis curvata [67] , mainly in tropical areas. In addition, cylindrospermopsin (CYN) was identified in New Zealand field extracts without identification of the toxinproducing cyanobacterium [113] .
CYN is an alkaloid containing a tricyclic guanidine combined with hydroxymethyl uracyl (Fig. 3B ) with a molecular weight of 415 Daltons. This molecule acts mainly as an inhibitor of proteins synthesis, but other actions have also been described [30, 47, 115] . The L.D. 50 of CYN is 2100 mg·kg -1 bodyweight in mice at 24 h and only 200 mg·kg -1 at 5-6 days by i.p. injection [89] . However, in the present context it should be noted that a number of papers have reported that crude extracts of Cylindrospermopsis raciborskii can have greater 24 h toxicities than expected from the known CYN content [36, 50] . The oral toxicity is about 30 fold less than toxicity by i.p. [106] . CYN has two known derivatives, one of them is toxic, 7-epicylindrospermopsin [1] and the other virtually nontoxic, deoxy-cylindrospermosin [86] .
The main target of this toxin is the liver, but unlike the microcystins, it can affect other organs such as the kidney, thymus or heart. Acute poisoning induces death probably due to heart failure, as suggested by Seawright et al. [106] . At toxic concentrations, lesion development is quite minor compared to the speed of clinical evolution. The liver is dark in color with rib marks at the highest concentrations. The kidneys are pale, and palor increases at higher doses. At lower doses, death occurs less rapidly and specific injuries in different organs such as the liver, kidneys, thymus, spleen and immune system are observed. The kidneys exhibit considerable granular degeneration and coagulation necrosis of the tubular epithelium. Necrosis in the convoluted tubules is most severe and extensive. In the thymus, there is widespread necrosis of the cortical lymphocytes. The spleen is characterized by necrosis with phagocytosis of cellular fragments by macrophages [6, 36, 106] . Recently CYN has been found to display genotoxic activity [56, 109] .
Neurotoxins
The neurotoxins known to be produced by freshwater cyanobacteria include anatoxin-a, anatoxin-a(s) and saxitoxins. Their target is the neuromuscular system, and they can paralyze peripheral, skeletal, including respiratory muscles. Death occurs as a result of respiratory arrest within a few minutes to a few hours (see review by Duy et al. [26] and Kuiper-Goodman et al. [65] ).
Anatoxins
Anatoxins are produced mainly by Anabaena species, but also by Aphanizomenon, Microcystis and the benthic Oscillatoria [111] .
Anatoxin-a is a secondary amine with a molecular weight of 165 Daltons (Fig. 3C) . Anatoxin-a is a cholinergic agonist that binds to nicotinic acetylcholine receptors in nerves and neuromuscular junctions. The molecule is not easily cleared or displaced from tissue. This results in local depolarization that opens voltage-sensitive Ca ++ and Na + channels. As a result of extreme depolarization, there is a blockade of further electrical transmission, leading to muscle paralysis and death by respiratory failure in mammals [30] . The L.D. 50 is 200 mg·kg -1 bodyweight in mice by i.p. injection. Oral toxicity for sonicated cells suspension of anatoxin-a-containing Anabaena cells is about one hundred to one thousand times higher [11] . Homoanatoxin-a is a methyl derivative of anatoxina (Fig. 3C(II) ), with a molecular weight of 179 Daltons and lower potency (L.D. 50 = 250 mg·kg -1 bodyweight in mice by i.p. injection).
Anatoxin-a(s) is unrelated to anatoxin-a. It is a unique N-hydroxyguanidine methyl phosphate ester with a molecular weight of 252 Daltons (Fig. 3D) . Anatoxin-a(s) is a acethylcholinesterase inhibitor with a mechanism similar to that of the organophosphorus insecticides. However, anatoxin-a(s) acts only in the periphery and thus brain and retinal cholinesterase activities remain normal even in lethally poisoned animals [21] . The neurological effects in mice given acute doses are muscle weakness, respiratory distress (dyspnea) and convulsions (effect on seizure threshold) preceding death. In pigs and mice, anatoxin-a(s) can cause viscous mucoid hypersalivation. Death often occurs from respiratory arrest [74] . The "s" in the name of the toxin stands for "salivation", because of the additional hypersalivation observed in mice. This neurotoxin is significantly more potent than anatoxin-a, with an L.D. 50 in mice of only 20 mg·kg -1 bodyweight by i.p. injection [30] .
Saxitoxins
Saxitoxins are well-known marine toxins produced by dinoflagellates, especially Alexandrium spp. and Gymnodinium spp. [119, 127] , and by heterotrophic bacteria [44] . Saxitoxins have been recently identified in five freshwater cyanobacterial species: Aphanizomenon flos-aquae [37, 57, 70, 95] , Anabaena circinalis [54, 83] , Lyngbya wollei [14, 91, 130] Cylindrospermopsis raciborskii [66] and Planktothrix sp. [96] . STXs were also identified in Danish freshwater field extracts without unambiguous identification of toxin-producing species (Anabaena lemmermannii being very common in these lakes) [60] .
The saxitoxins or paralytic shellfish poisons (PSPs) consist of a family of more than 20 molecules with a tetrahydropurine structure (molecular weights from 241 to 491 Daltons). They can be divided in four groups, depending on the substitutions in the five variable positions R1 to R5 (Fig. 3E) : saxitoxins (STX, dcSTX, neoSTX) [54, 57, 60, 66, 70, 83, 95, 96] , gonyautoxins (GTX 1 to 6 [54, 60, 66, 83, 95] and dcGTX 2 and 3 [54, 83, 91, 130] ), C-toxins (C 1 and 2) [37, 54, 82] , and variants identified in American strains of Lyngbya wollei (LWTX 1 to 6) [91] . Depending on the variants, the toxicity in the mouse can differ considerably. Saxitoxin is the most potent PSP (LD 50 = 10 mg·kg -1 mouse, i.p.) and LWTX 1,4 and 6 can be more than 165 times less toxic [93] .
All these toxins act in the same way: nervous transmission is blocked when the PSP binds to site 1 of the sodium channels [17] , and this induces muscle paralysis. In animals, typical neurologic effects induced by this toxin include nervousness, jumping, jerking, ataxia, convulsions and paralysis. The paralysis of respiratory muscles leads to the death of animals within a few minutes [101] .
Dermatotoxins/irritant toxins
Although they are produced by marine cyanobacteria, the dermatotoxins lyngbyatoxin A (Fig. 3F ) and aplysiatoxin were related to acute dermatitis, poisoning and animal death, especially in Japan and Hawaii [3, 92, 129] . These toxins are indeed produced by the marine benthic cyanobacterium Lyngbya majuscula. However, this species synthesizes a variety of chemicals that exert a range of biological effects through phospholipid-dependent protein kinase C activation, inducing contraction of vascular smooth muscles. Clinical signs include skin, eye and respiratory irritation [92] . In addition, lynbyatoxin A is a potent tumor promoter [42] .
Lipopolysaccharides (LPS) are common compounds in the outer cell walls of gramnegative bacteria, including cyanobacteria. They consist of condensed products of a sugar, usually a hexose, and a lipid, usually a hydroxy C 14 -C 18 fatty acid (Fig. 3G) . The sugar and fatty acid composition may vary among the cyanobacterial species; they differ from those of the Enterobacteria, largely related to phylogeny. The irritant or allergenic effects are mainly due to the fatty acid component [61, 104] . Few studies deal with cyanobacterial LPS. They seem less potent than LPS from pathogenic gram-negative bacteria, but could be implicated in human health problems encountered as a result of bathing for example [20, 24] . In addition, Glutathione S-transferase genes, which are responsible in part for detoxication of microcystins, may be inhibited by LPS [125] .
CYANOBACTERIAL POISONING OF TERRESTRIAL VERTEBRATES
Terrestrial vertebrate poisoning usually occurs as a result of drinking contaminated water or by the accidental ingestion of contaminated water during swimming. Poisoning resulting from eating contaminated food is well known with marine shellfishes [119] . While bioaccumulation of four different cyanotoxins in the trophic chain is demonstrated (nodularin [34] , microcystins [68] , PSPs [82] and cylindrospermosin [103] ), intoxication has not yet been clearly demonstrated to occur. National and international programs devoted to this field of research should clarify the situation in the future.
The first report of cyanotoxin poisoning of domestic animals was based on an incident at Lake Alexandrina in Australia [40] . This country seems particularly subject to bloom-forming toxic cyanobacteria as shown by reports of Carbis et al. [10] , Main et al. [72] , Mc Barron and May [75] , Mc Barron et al. [76] , Mulhearn [79] , Negri et al. [83] and Thomas et al. [116] . In these studies, prolonged morbidity and delayed mortality in sheep and cattle have been attributed to cyanotoxins produced by Microcystis aeruginosa (microcystins), Nodularia spumigena (nodularins), Anabaena circinalis (PSPs), and Cylindrospermopsis raciborskii (cylindrospermopsin). This last species is a typical tropical cyanobacterium frequently proliferating in Australia. The paper of Thomas et al. [116] links this microorganism to the death of three cows and ten calves in a herd of 300 cattle. One animal showed signs of staggering and weakness before its death. Abdominal and thoracic haemorrhagic effusion, hyperemic mesenteries, and pale and swollen liver were found at necropsy, with nothing abnormal observed in the brain, lungs, spleen or kidney. The most dramatic intoxication event documented to date occurred in 1992 along a 1 000-km stretch of the Darling river where 10 000 livestock died after a massive bloom of neurotoxic Anabaena circinalis [30] . In Australia, all types of cyanotoxins are of concern: hepatotoxins including the microcystins, the nodularins and cylindrospermopsin, and also neurotoxins with the PSPs [31] .
In Europe, there is little documentation of animal poisoning by cyanobacteria although toxic cyanobacterial blooms have been observed in many countries [111] . Deaths of cattle and dogs have been attributed to M. aeruginosa (microcystins) and N. spumigena (nodularins) in England and Norway, respectively [19, 27, 46, 84] , and to Nodularia sp. (probably nodularins) and Anabaena flos-aquae (neurotoxin) in Sweden [126] , but the main report of such poisoning has been in Switzerland, where more than 100 cattle deaths have been attributed to microcystin poisoning during the last two decades [78, 81] . Clinical signs variably combined in leading to these deaths were tremor, recumbency, foam in front of the mouth, teeth chattering, convulsions, staggering gait, restlessness, loss of appetite and drowsiness. The histopathologic examination of liver revealed acute centrilobular to panlobular coagulative necrosis with dissociation of hepatocytes. The poisoning was due to the development of benthic cyanobacteria belonging to the Oscillatoria genus in oligotrophic high alpine lakes which are theoretically not favorable to cyanobacterial proliferations. This shows that cyanotoxin problems can occur in environments where they are not expected. A similar benthic Oscillatoria, but one producing neurotoxic anatoxin-a, has been responsible for the death of dogs in Scotland [27] and Ireland [58] .
In North America, numerous studies have reported cattle poisoning by cyanobacteria (Anabaena circinalis and Microcystis spp. [25] , microcystins produced by M. Aeruginosa [39] , Microcystis toxicoses [41] , hepatotoxicosis due to M. Aeruginosa [43, 62, 64] , Anabaena circinalis and Microcystis spp. [107] , Microcystis spp. producing microcystins [110] ). In some cases, this poisoning has led to the deaths of animals, for example Puschner et al. [97] . In one field study, the authors reported the rapid death of 24 out of 175 heifers. Six cattle were found dead near a pond containing an algal bloom. The other 18 heifers died three days after the first clinical signs (nervousness, recumbency, weakness, anorexia and hypersensitivity to noise). Necropsy of one heifer revealed a liver that was markedly larger than normal, with a cut surface that was friable, dark and hemorrhagic. Dissociation and necrosis of the hepatocytes were also found. There were small foci of hemorrhage in the hearth subepicardium and mild edema in the lungs. The kidney was unaffected. In most of these cases, M. aeruginosa hepatotoxins were incriminated. Furthermore, the neurotoxins anatoxin-a produced by Anabaena flos-aquae have been implicated in the death of cattle in Canada [13] . Anatoxin-a(s) also produced by A. flos-aquae was responsible for the death of dogs, pigs and ducks in USA [71] and waterfowl in Canada [98] . However, Cook et al. [21] suggested that cattle could be resistant to ingestion of anatoxin-a(s). In South America, M. aeruginosa (producing microcystins) has been implicated in the sudden death of 72 cows in Argentina [87] .
Other continents and other animals have also been involved in vertebrate cyanotoxin poisoning problems. In Africa, poisoning of livestock by hepatotoxic M. aeruginosa and Nodularia spumigena [120] , dogs by nodularin produced by N. spumigena [48] and white rhinoceros by M. aeruginosa [112] has been observed. But although the climatic conditions in this continent could be expected to support the massive development of cyanobacteria, there is little information about cyanobacteria impact probably due to lack of investigation. Similarly, very little information is available from the Asian continent. The only report concerns the mass death of spot-billed ducks in a pond located in Japan. Matsunaga et al. [73] attributed the deaths of these wild birds to high concentrations of three kinds of microcystins in a bloom of Microcystis aeruginosa. Histological study of one of the bird victims revealed a necrotic liver, severely jaundiced and dark green in color. Surprisingly in regards to links established between drinking water from reservoirs that contained toxigenic blue-green algae and increased risks of liver cancer in human populations [65, 118] , no animal poisoning was reported from China.
One probable explanation of the numerous fatalities among livestock is that mammals do not avoid drinking concentrated cyanobacteria scum. In their experiments, Lopez Rodas and Costas [69] found that mice preferred to consume dense cultures of a toxic strain of Microcystis aeruginosa than low-density cultures or clear water. They have confirmed their findings in the field with observations from several reservoirs in Spain, where the consumption of concentrated M. aeruginosa scum by domestic and wild animals has often been reported.
As we have seen in this short review, most of the literature on the impacts of cyanotoxins on terrestrial vertebrate animals concerns domestic animals. This is because their economic importance prompts investigations into the cause of death. Thus, the morbidity and mortality of wild animals due to cyanotoxin intoxication is probably considerably underestimated.
CONCLUSION
By reviewing the existing information dealing with toxic cyanobacteria and cyanobacterial toxins, our goal was to introduce to the veterinary profession (practitioners, diagnosticians, researchers, etc.) an important health hazard for terrestrial vertebrates (especially reported with domestic animals like dogs and cattle) that is unlikely widely known at present and may well be an important consideration to have in mind. We highlighted the environmental conditions in which animal intoxications might occur and also the fact that these conditions are increasing in frequency nowadays. Typically, problems due to cyanobacteria can be linked to the increase in nutrient pollution of lakes, ponds and rivers as a consequence of (industrial, agricultural and domestic) human activities. Periods of cool weather related to high water column stratification and warm temperatures also enhance cyanobacterial proliferations. Differently said, the risk is higher in summer and professionals should be more careful at this period of time.
When unexplained deaths of wild or domestic animals occur in locations with water bodies, the veterinary and health authorities in charge of monitoring animal health should consider the possibility of poisoning by cyanobacterial toxins, as well as infectious diseases, anthropogenic chemical poisoning and the other causes usually investigated. Then, water quality should be tested for cyanobacterial presence and cyanotoxins (for both intracellular and extracellular metabolites). Necropsy of dead animals should be done and search of hepatotoxin in the liver should also be performed when suspected.
Hence, by increasing awareness among the veterinary audience, we hope this contribution may help to save more domestic (with eventually economic implications) but also wild animals and perhaps human lives in the future.
